ONE of the first morphological lesions seen in the secretory organs of the animals treated with carcinogens is the degranulation of rough endoplasmic reticulum and the resultant increase in smooth endoplasmic reticulum. Degranulation has been caused by many carcinogens with structures as diverse as the azo dyes (Porter and Bruni, 1959; Svoboda and Higginson, 1968; Ketterer et al., 1967) , dimethyl-and diethyl-nitrosamine, ethionine and aflatoxin B1 (Svoboda and Higginson, 1968) and 2-acetylaminofluorene (Flaks, 1970) . found that the degranulation effect could be reproduced in vitro using an isolated liver rough endoplasmic reticulum preparation incubated with aflatoxin B1.
The liver provided a good model for the study of carcinogen-induced degranulation for 2 reasons: firstly it was a rich source of rough endoplasmic reticulum and secondly it has the metabolic capacity required to generate active forms of carcinogen from precursors. The main difficulties experienced are in the methods employed to monitor ribosome loss. Williams and Rabin (1971) assayed the rearrangease activity of membranes before and after treatment with carcinogen. As the ribosomes were removed, the enzyme was exposed and its activity estimated. However, the enzyme assay is a multistage operation, depending on several parameters. Rearrangease catalyses the correct distribution of the disulphide bonds which maintain the tertiary structure of proteins. Therefore, a substrate with its disulphide bridges in the incorrect positions must be used for the assay. In practice (Williams and Rabin, 1971) , ribonuclease with randomly reoxidized disulphide bridges was used.
A direct method of monitoring ribosome loss is by estimating RNA/protein ratios of membranes. This ratio is decreased in degranulated membranes due to the loss of RNA with the ribosomes. However, accurate RNA determinations are essential, as the changes in RNA content are small. The sensitivity of the RNA assay cannot easily be improved and the analysis takes a considerable length of time. Because of the inherent difficulties with the rearrangease assay, the use of membranes containing radiolabelled RNA was developed (Purchase and Lefevre, 1975) .
MATERIALS AND METHODS

General
Buffers were made up as follows. (Loeb et al., 1965) . The livers were removed from the animals, washed in ice-cold 0-25M STKM, cut into small pieces and homogenized in ice-cold 0-25M STKM (25% w/v homogenate using 8 passes of a PotterElvehjem homogenizer) running at 1070 rev/min). The homogenate was centrifuged at 19,000 g in an MSE 18 refrigerated centrifuge for 10 min at 4°C. This supernatant was layered over a sucrose discontinuous density gradient of 8 ml 20M STKM and 12 ml 1F35M STKM. Centrifugation at 105,000 g for 4-5 h at 4°C in an MSE Superspeed 50 centrifuge produced a separation of the smooth and rough endoplasmic reticulum fraction (SER, RER) at the interfaces. The membranes were separately removed by aspiration, diluted 3 X with 0-25M STKM and pelleted by centrifugation at 105,000 g (max.) for 1-5 h at 4°C. The membranes were stored overnight as frozen pellets at -70°C. The SER and RER were resuspended by adding 8 ml of warmed (45°C) 0-25M STKM to each pellet, using the same homogenization techniques used for membrane preparation. Warmed buffer was used in order to thaw the membranes rapidly and so prevent damage to both membrane structure and microsomal activity (Fleischer and Kervina, 1974) .
One-ml portions RER containing 5 mg protein were rapidly frozen with C02/acetone, in 25 ml conical tubes and stored at -70°C. At this temperature the loss of microsomal enzyme activity is kept to a minimum (Borton et al., 1974) . Degranulation scheme RER portions were rapidly thawed. Samples were made up to 3 ml each by the addition of 0-25M STKM alone, or the same buffer containing the components of the generating system. The test compound, usually dissolved in dimethyl sulphoxide (DMSO) was added to the RER at 250C. Control samples contained the requisite volume of solvent alone. In the case of compounds insoluble in DMSO, alternative solvents were used, such as water, DMSO: acetone (5:3 v/v) or DMSO:ethanol (5:3). Controls were always incubated in the presence of the relevant solvent mixture. DMSO was always used, even in the case of water-soluble compounds, as it appeared to have a stabilizing effect on the membranes.
The reaction was started with either enough NADPH (dissolved in 0-25M STKM, pH 7.5) to give a final concentration of 0 5 mm or 2-5 units of glucose-6-phosphate dehydrogenase (G6PD, Type XV Sigma) in the case of incubations using a generating system. Samples were incubated at 25°C shaking at 120 cycles/min in a water bath. After 1 h incubation, either NADPH was added to bring the concentration to 1I0 mm or a further 2-5 units of G6PD. The use of spectral measurements at 340 nm, using an SP800 spectrophotometer (Unicam) showed that NADPH was still being produced at maximum levels after 2 h from this generating system. At the end of 2 h total incubation, the samples were made more viscous by the addition of 20M STKM to a molarity of 0-7M with respect to sucrose, in order to slow down membrane sedimentation and so prevent physical trapping of polysomes in the membranes. The samples were then layered over a discontinuous density gradient of 3.5 ml 20M STKM and 1D0 ml 1-35M STKM and centrifuged at 100,000 g for 8 h at 4°C. The membranes, present in the 1-35M STKM layer, were removed by aspiration, diluted with 0-25M STKM and pelleted by centrifugation at 200,000 g (max) for 1.5 h. Membrane pellets were stored at -20°C until analysis.
Membranes were resuspended in water (10 ml) by ultrasonication, using an exponential probe at 10 ,tm amplitude fitted to an MSE 150-watt ultrasonic disintegrator. Aliquots of 0-2 ml were removed for the estimation of radioactivity. The radioactivity present in the original membranes and extracts was measured by counting in Instagel (Packard) using an Intertechnique LS30 scintillation counter. Efficiency of counting, as determined by the use of an internal standard, was > 90%. Portions were also analysed for protein, using the Lowry manual (Lowry et al., 1951) or automated (Gaunce and D'Iorio, 1970) method. The protein and radioactvity of RER and SER samples were analysed in the same way.
Ten aliquots of RER were incubated simultaneously. Controls and tests were always carried out in duplicate. The specific activity of membranes (radioactivity/mg membrane protein) was considered to be an accurate estimate of RNA/protein ratio of the membrane. A reduction in RNA/protein ratio was taken as an index of degranulation.
The specific activity (or RNA/protein ratio) of the SER establishes the lowest value that can be reached by totally degranulated RER. The difference between the specific activity of SER and RER represents the theoretical maximum degranulation. Therefore, the difference in values between test and control incubations can be expressed as a percentage degranulation caused by a particular compound.
The criterion for a valid experiment was that the duplicate samples were in close agreement.
Degranulation of 5% was considered positive.
The amount of compound used for each test is shown in the relevant tables. Three compounds, the polycyclic hydrocarbon 3,4-benzpyrene and 2 arylamines, N-2-fluorenylacetamide and 3,3'-dichlorobenzidine, were incubated in varying amounts with RER to produce dose-response curves.
Specificity of radiolabelling
In early experiments checking the specificity of radiolabelling, RNA was determined (Fleck and Begg, 1954) to ascertain the correlation between RNA/protein ratios and the radiolabelling results. To test the specificity of RNA radiolabelling, the RNA was extracted as perchloric-acid-soluble hydrolysis products, free from contaminating DNA and protein (Fleck and Begg, 1954) and RNA in the samples was measured by the method of Fleck and Begg and the radioactivity measured as described previously.
To check that the ribosomes were uniformly radiolabelled, the RNA and radioactivity content of RER samples were estimated before and after treatment with 5 mm EDTA. According to Sabatini et al. (1966) this process removes most of the small ribosomal sub-units and some of the large sub-units. RER, at a concentration of 5 mg protein/ml, was incubated in 0-25M STKM buffer, pH 7-5, containing EDTA at a final concentration of 5 mM for 0*5 h at 25°C in a shaking water bath.
The resultant suspension was layered over a discontinuous density gradient consisting of 10 ml of 2-OM STKM and 2-0 ml of 1-35M STKM and centrifuged at 105,000 g (max) for 4-5 h at 4°C. The 1-35M STKM layer containing the membranes was removed, diluted with 0-25M STKM and centrifuged at 105,000 g (max) for 1-5 h to yield a pellet of RER stripped of ribosomes. RNA and radioactivity and protein of this stripped membrane, and of the original RER membrane were analysed as previously described.
RESULTS
Some additional experiments were carried out to examine dose responses and the effects of metabolism.
Specificity of radiolabelling
Extraction of RNA from membranes and the determination of radioactivity in the extract showed that more than 90% of the label was associated with RNA in both RER and SER. Aflatoxin B1 and mitomycin C both gave a positive result in the absence of NADPH, buit a negative result in the presence of NADPH. The result with aflatoxin B1 confirms data obtained by Williams and Rabin (1971) . However, evidence has been reported that aflatoxin B1 must be metabolized to exert its carcinogenic effect (Garner, 1973) , 2,3-epoxyaflatoxin B1 being proposed as the probable reactive compound and therefore a possible ultimate carcinogen (Garner, 1973; Swenson et al., 1973 ).
There appears to be no correlation between extent of degranulation and carcinogenic potency. For example, aflatoxin B1, a potent liver carcinogen, causes less degranulation than 3-aminopyrene. Similarly, the test is not specific for liver carcinogens, compounds as diverse in action as some polycyclic hydrocarbons and 2-naphthylamine also giving positive results.
Some caution is needed wlhen this work is compared with that of other laboratories. It is well known that microsomal activity against a variety of substrates shows wide variation between rats of different strains (Page and Vesell, 1969) and age (Shoemaker and Hamrick, 1974) . Differing conditions of husbandry, and the nutritional state of the animals also have effects on the cytochrome P450 levels and subsequently on the enzymic activity of microsomes (Vesell, 1967; Vesell et al., 1972; Basu and Dickerson, 1974) . All these factors could, therefore, influence the metabolism of carcinogens. Figure IV .1 illustrates a dose-response curve for 3,3'-DCB. Similar curves were obtained using other carcinogens. The data reflect the care needed in choosing dose levels in degranulation assays. Increasing the carcinogen concentration above a certain level decreases the degranulation. The concentrations used in the evaluation screen were those falling in the area of maximum degranulation.
